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Foreword 


This volume is the first supplement to Tables of Chemical Kinetics, Homogeneous 
Reactions, issued as NBS Circular 510 in 1951. The original project was supported 
jointly by the National Bureau of Standards and the National Research Council in 
cooperation with Princeton University. The financial support for the present supple- 
ment was provided by the Office of Ordnance Research, Department of the Army. 
However, the National Bureau of Standards and the National Research Council through 
the NRC Committee on Tables of Constants assumed the initial responsibility and, for 
the most part, the same supervision over this compilation as before. It is therefore 
appropriate for the Bureau to publish this first supplement, thus maintaining, at this 
time, the continuity and availability of the tables for the convenience of their many 
users in scientific and industrial work. 

The project is continuing under the direction of Prof. C. H. Stauffer at Worcester 
Polytechnic Institute with general supervision by the Subcommittee on Kinetics of 
Chemical Reactions, NRC Division of Chemistry and Chemical Technology, and with 
the financial sponsorship of the Office of Ordnance Research. Inquiries concerning the 
status of the continuing work should be sent to Prof. Stauffer. 


A. V. Astin, Director. 
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Homogeneous Reaction Kinetics aL 


CORRECTIONS TO 195! VOLUME 


Page XV - Firstline should be ACA, American Chemical Abstractsnot 4CJ, American Chemical Journal. 
Page 9 - 103.000 LITERATURE, Second reference should be E. Cremer, M. Polanyi, zPc8 1933, 21, 459. 
Page 17 - 112.440 LITERATURE, reference (7) should be G.C. Wilkes not G.V. 

122.440 LITERATURE, (4) shouldbe JCC 1930not JCP 1937; (3) should be K. Nozaki, notR. 


c) 
& 
8 


Page 55 - 172.441 (.1), third addend should be CoH CH N(CH.) 2 not CGH CON (C H ,) 


jal) se For fourth 
addend k’ should be 2.42 and -4 not -3 for power of ten. 


Page 80 - Maaat COMMENTS, column i line 3, the Goldschmidt equation should be: 
k= —=— [(a + r)in& -x]- 
tla] r res 
Page 81 - 202.441 LITERATURE, reference (%) ZPC should be in italics, not bold. 


Page 100 - 212.441 (.9), k° andm should be 4.09 and -4 not 4.8 and -5. To literature column 
alain (Gaye 


Page 115 - 212.441 SoLVENTS, fifth line should be 65 wt % (CH) gO not 56 wt %. 


Page 116 - 212.441 LITERATURE, reference (2) insert ACS after \V.K. LaMer; insert (Ee) H.M. 
Dawson, W. Lowson, CSL 1928, 2146; (") should be H.B. Watson not H. W. (72) should be 
62 not 52. 


Page 120 - 212.442 (.21), Reaction column should be 2 CH, 5- (CH,) CHC .H,COOCH, + OH. 


Page 124 - 212.442 (.42), Reaction column should be O-NO,C,H,COOC H, not O- FC H,COOCH.. Litera- 
ture column should be (4) not (Ne 


Page 124 - 212.442 (.44), Reaction column should be p-FC GH ,COOC H not p-CH,COOC,H .. 
Page 132 - 212.443 LITERATURE, (*) should be E. Tommila not E. Tomila. 
Page 137 - 212.461 LITERATURE, Should be L.H. Cretcher not L.M. Fletcher. 


Page 155 - 212.471 (.54),Reaction column should be CH,(COO )Cl + H,0 —>CH(COO ) (OH, ) + Cl 
not Bri. 


Page 181 - 212.473 LITERATURE, should be J.F. Bunnett not T.F. Bunnet. 

Page 249 - 242.453 LITERATURE, (7°) (**) add year 1942. 

Page 292 - 311.700 LITERATURE, (Ga) should be H.A Taylor not A.H. (4%) should beJPC not JCP. 
Page 317 - 312.471 LITERATURE, (a) should be Medd not Medt. 

Page 364 - 332.756 LITERATURE, (1) should be J.F. Bunnett not J.F. Bunnet. 


Page 371 - 332.771 (.1), solvent = H,0 amount of reactant column should be A=0-0.06; B=0-O. 15; 
L = 0-0.06; M = 0-0.1 not 0.035-0.060; k = k° x 10” column temp = 20.4 k° should be 
4.26 not 4.36; A° column should be 1.8 not 1.7; comments column add x. 


Page 379 - 332.771 COMMENTS, add: (.1) measured in competition with hydrolysis reactions 
CHBr + HO — > and CHI + H,0 — >and calculation dependent on specific rate constants 
for these reactions, see 212.471 (.2) (.3). OxidationofI alsooccurs to slight extent. 


Pages 429-432 - 511.443 Add literature column (.1), (4) (7); (-2, ((%; (-3, (°); (-4), (9) 


Gas OS Cas Oe GM. Os COs Oe (Ne (Ore ui), Ge. (aa) (le (Gs) 
(je fase, Pye Gis, Os Gis), Oy 
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536 
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657 


674 
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694 
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707 
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CORRECTIONS TO 1951) VOLUME (continued) 


511.443 LITERATURE shouldbe: (4) ¢.C. Coffin, CJR 1931, 5B, 636. (*) C.C. Coffin, 
W.B. Beazley, CJR 1937, 15B, 229. (3) c.C. Coffin, J-R. Dacey, N. A.D. Parlee, CdR 
1937, 15B, 247. (4) J.C. Cornell, J.R. Dacey, C.C. Coffin, CJR 1940, 18B, 410. 
(5) J.R. Dacey, C.C. Coffin, CJR 1932, 6B, 417. (®) J.R. Dacey, ¢.C. Coffin, CJR 
1937, 15B, 260. @) JR. Dacey, C.C. Coffin, JCP 1939, 7, 315. (8) N. A.D. Parlee, 
J.-C. Arnell, C.C. Coffin, CJR 1940, 18B, 223. @) N. A.D. Parlee, J-R. Dacey, C.C. 
Coffin, CJR 1937, 15B, 254. 


521.471 (.6) Reaction column should be: (C,H,) (CH) goCl wae Cl + HO not Br 
Temperature column should be 270-327 not 372. 


521.477 (.1) Products not determined by (®) and are probably CH,CHCl and HCl, see 
521.471. (.2) Products not determined by (%) and are probably CH, CHBr and HBr, see 
toy le Aa 


571.441 LITERATURE, (°) should be C.N. Hinshelwood, not F.N., (2%) should be JPC 
not JCP. 


621.411 Upper right hand corner should be gas phase not liquid phase. Reaction (.2) 
EF column should be 43 not 43.1, A° column should be 1.3 not 1.24, m column should be 
10 not 6; LITERATURE column add (°). 


621.411 LITERATURE, add ) A. Wheeler, R.N. Pease, ACS 1936, 58, 1665. 
622.477 LITERATURE, (1+) should be BDC not Ber. (25) should be G. Williams not D.M. 


632.441 (.1) Reaction column should be (HCH CHCOQ + OH —> HOCH ,CH,CH,COO . (. 2) 
Reaction column should be CH (HCH CH COP + OH — CH CH (OH) CH,CH,COO . (.3) Reaction 


column should be o-C,H,COOCH, + OH ——*0-HOCH,C.H,COO . 
Lo _4 j 2 2-6 4 


632.441 (.3) Reaction column product should be o-HOCH C,H COO not CgH,COOCH,O . 


(.4) Reaction column product should be 5-NH,- 2-HOCH C,H ,C0O- not NH,C,H ,COOCH,O - 


712.770 (.2) Reaction column should be Cl, + OH —>HOC]L + Cl not Cl, - 


722.660 (.1) Defined mass action column add = dB/dt. COMMENTS third line should 
begin, of A, not of B. 


722.770 LITERATURE, (eS) should be W.C. Bray, ZAC 1906, 48, 217 which is also (Ce 
(8°) should be A. Skrabal, MHC 1907, 28, 319. 


732.480 (.1)(.1.1) Defined mass action law column add = -dA/dt. 
732.570 (.8) LITERATURE column ada (7°) (15). 


732.570 LITERATURE, (°) should be WC. Bray not N.C. Add (7%) wc. Bray, JPC 1905, 
9, 578. 


732.701 LITERATURE, (28) should be R.S. Livingston, ACS 1926, 48, 53. 


732.750 (.1) LITERATURE column add (1%). Literature adda (1%) wW.C. Bray, JPC 1905, 


9, 578. 


Es +++ ++ 
732.780 (.1) Reaction column should be 21 + 2Fe Tee + 2Fe . 


742.471 (.3) LITERATURE column should be (1%) not (47). 
742.471 (.5.1) LITERATURE column should be (*%) not (7%). 
742.471 (.5.2) (.5.3) (.5.4) LITERATURE column should be (77) not (78). 


742.471 COMMENTS, last line take out put in 
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SUPPLEMENT TO TABLES OF 
CHEMICAL KINETICS 
HOMOGENEOUS REACTIONS 


PREFACE 


A description of these Tables and definition of the terms and abbreviations used may be 
found in the introduction to the 1951 publication. An attempt has been made in preparing this 
Supplement to give a complete yet critical coverage of recent work in the portion of chemical 
kinetics involving, Rearrangement or Isomerization, Condensation and Solvolysis. The other 
classifications of the 1951 Tables and somenew sections are in preparation for future publication. 
Values of the rate constants which have been tabulated vary greatly in the probable accuracy of 
the individual values. For each reaction, what has been considered to be the best value has been 
listed with superfluous figures rounded off. Where two investigators have obtained significantly 


different values and there is insufficient evidence to favor one, both values have been listed. 


Method. In compiling this Supplement, a search has been made of the chief American and 
British periodicals for the period from the closing date of the 1951 edition to December 1953 
or later if indicated at the lower right hand corner of any table. Any article cited as a 
reference in these primary sources was also investigated if it had not been included in the 
1951 Tables. References mentioned in these secondary articles were also investigated if they had 
not been included in the previous work. More than half of the articles included in this supplement 
were published prior to 1951. Although this method cannot give an absolutely complete coverage 
of valuable data, a more complete literature searchonone section of the Tables uncovered only 
7 pertinent references in addition to the 83 which had been included. This is not intended to 
indicate that the Supplement has a 92 @ coverage, but to give some indicationof the limitations 
of these tables. Anyone knowingof significant material whichhasnot been included will be doing 
a service by notifying Dr. Charles H. Stauffer, Project Director, Dept. of Chemistry, Worcester 


Polytechnic Institute, Worcester, Massachusetts. 


Acknowledgments. The Director and his associates gratefully acknowledge the financial 
assistance provided by the Office of Ordnance Research, Department of the Army which made this 


supplement possible. The Director of the Project gratefully acknowledges the able assistance of 
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his associates and collaborators, the help of the National Bureau of Standards, the National 
Academy of Sclences, the Committee on Tables of Constants, and 1ts chairman, Dr. A.V. Astin, the 
Subcommittee on Chemical Kinetics andits chairman, Prof. L.P. Hammett, and Dean H.S. Taylor of 
Princeton University whose encouragement and assistance were so helpful in continuing the project 


after the unfortunate death of Dr. N. Thon, Editor of the 1951 edition. 


C.H. Stauffer 
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SUBJECT INDEX 


loo REARRANGEMENT - |SOMERI ZATION 


100 ORTHO-PARA CONVERSION Title of Table Table 
(number of pages) number 
Ortho-para conversion (liquid) (2) 102.000 
110 RACEMI ZATION 
111 Racemization (gas) 


Racemization; sterically hindered optical 


isomers (1) 111.443 
112 Racemization (liquid) 
Racemization; C, H, O compounds (6) 112.440 
u ; sterically hindered optical 
isomers (10) 112. 443 
Racemization; alkyl sulfate (1) 112. 460 
" ; organic halogen compounds (1) 112.470 
U) ; organic-metal complex ion (6) 112.481 
120 CIS-TRANS ISOMERI ZATION 
121 Cis-trans isomerization (gas) 
Cis-trans isomerization; C, H, 0 compounds (1) 121. 410 
u) W) W ; Organic halogen 
compounds (1) 121.470 
122 Cis-trans isomerization (liquid) 


Cis-trans isomerization; cis-trans isomers of 


cyclic compounds (1) 122.441 
Cis-trans 1somerization; organic halogen 

compounds (1) 122. 470 
Cis-trans isomerization; organic group VIII 

metal complex (1) 122. 480 
Cis-trans isomerization; 220 compounds (5) 122. 550 

140 BRANCHING ISOMERIZATION 
142 Branching isomerization (liquid) 


Branching isomerization; hydrocarbons (alkanes) (3) 142.400 





fl " ; hydrocarbons (cyclo 
alkanes (2) 142.402 
Branching isomerization; group migration in 
substituted alkyl sulfonates (1) 142. 446 
National Bureau of Standards —- National Research Council December, 19535 
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SUBJECT INDEX = (continued) 
150 ATOM (or GROUP) MIGRATION Title of Table 
(number of pages) 
152 


170 RING CLOSURE 


172 


180 RING OPENING 


181 


182 


Atom (or group) migration (liquid) 


Table 


number 


Atom (or group) migration; hydrogen migration with 


double bond shift (2) 

Atom (or group) migration; group migration in 
bicyclic ring system (3) 

Atom (or group) migration; group migration on 
heterocyclic ring (3) 


152. 440 


152. 446 


152.451 


Atom (or group) migration; OH group migration with 


double bond shift (1) 


152.461 


Atom (or group) migration; halogen migration with 


double bond shift (1) 
Atom (or group) migration; H substitution by NH, 
from side chain in aromatic ring (5) 


Ring closure (liquid) 


Ring closure; double bond to closed ring (34) 


Ring opening (gas) 
Ring opening ring opening to double bond (2) 
Ring opening (liquid) 


Ring opening; ring opening to double bond (3) 
Ring opening oxide ring to double bond (2) 


200 CONDENSATION ~ SOLVOLYSIS 


200 ESTERIFICATION 


202 


Estert fication (liquid) 


Esterification; aliphatic carboxylic acid + 
alcohol (3) 

Esterification; aliphatic carboxylic polyacid 
and alcohol (4) 


210 ESTER SOLVOLYSIS 


212 


National Bureau of Standards - National 


VIII 


Ester solvolysis (liquid) 


Ester solvolysis; alkyl ester of aliphatic 
carboxyl acid (23) 


Research Counci | 


152.471 


152. 552 


172.441 


181.441 


182.441 
182.461 


2.441 


202.447 


212.441 
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SUBJECT INDEX = (continued) 


210 ESTER SOLVOLYSIS Title of Table Table 
(continued) (number of pages) number 
212 Ester solvolysis (liquid) 

Ester solvolysis; ester of aromatic carboxylic acid 

and aliphatic alcohol (18) 212. 442 

Ester solvolysis; aliphatic carboxylic acid and 

polyalcohol (2) 212.445 

Ester solvolysis; aliphatic carboxylic polyacid 

and alcohol (1) 212. 447 

Ester solvolysis; ester of aromatic carboxylic 

polyacid and alcohol (2) 212.448 

Ester solvolysis; ester of aliphatic alcohol 

and nitric acid (5) 212.451 

Ester solvolysis; aryl phosphates (6) 212.453 
" n ; alkyl sulfates (4) 212. 460 
@ W ; alkyl arylsulfonates (19) 212. 461 
u W >» ester of aliphatic alcohol 

and thiocyanic acid (1) 212.465 

Ester solvolysis; ester of aliphatic alcohol 

and hydrohalic acid (57) 212.471 

Ester solvolysis; aryl halides (20) 212.473 
MJ ammonolysis; alkyl ester of aliphatic 

carboxylic acid (8) 212.541 

Ester ammonolysis; ester of aromatic carboxylic 

acid and alcohol (3) 212. 542 

Ester ammonolysis; ester of aliphatic carboxylic 

acid and phenol (1) 212. 543 

Ester aminolysis; ester of aliphatic carboxylic 

acid and alcohol (7) 212.544 

Ester aminolysis; ester of aliphatic carboxylic 

acid and phenol (2) 212. 546 

Ester aminolysis; thio ester (1) 212. 564 

Ester solvolysis; alkyl thio ester of aliphatic 

carboxylic acid (7) 212.641 

Ester aminolysis; alkyl thio ester of aliphatic 

carboxylic acid (2) 212.645 

Lactone; (see Addition, ring opening) (632. 441) 

220 ESTER EXCHANGE 
222 Ester exchange (liquid) 

Ester exchange; aliphatic carboxylic acid + 

alkyl carboxylate (1) 222.444 

Ester exchange; alkyl carboxylate + alkyl 

carboxylate (2) 222. 445 

Ester exchange; alkyl aryl sulfonate + 

carboxylic acid (2) 222.461 
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Homogeneous Reaction Kinetics 
SUBJECT INDEX (continued) 
220 ESTER EXCHANGE Title of Table Table 
(continued) (number of pages) number 
222 Ester exchange (liquid) 
Ester exchange; alkyl halide + carboxylic 
acid (3) 222.471 
Ester exchange; carboxylic acid ester + 
hydrogen halide (1) 222.741 
230 CONDENSATION 
232 Condensation (liquid) 
Condensation; B-F bond formation (1) 232. 370 
n ; alkoxy + aryl hydrogen (3) 232.403 
" ; aliphatic alcohols to ether (5) 232. 404 
w) ; alkali-metal- (aryl) alkyl + 
alkyl halide (4) 232. 417 
Condensation; C=C bond formation (7) 232. 441 
Condensation (Baeyer Condensation); aldehyde + 
aryl hydrogen (3) 232. 442 
Condensation; silanol ——*disiloxane (2) 232. 447 
n ; C=N bond formation (7) 232.451 
u ; amine + nitrous acid (or nitroso 
compound) N=N bond formation (6) 232.455 
Condensation; phenol + alkyl halide (3) 232.472 
uJ ; amine + ester (1) 232. 543 
4 ; amine + acid anhydride (1) 232. 544 
7 ; hydroxyl amine and oxygen acid 
of sulfur (1) 232. 561 
Condensation; thio acid and amine (2) 232. 564 
240 NONESTER SOLVOLYSIS 
24.1 Nonester solvolysis (gas) 
Hydrolysis; B-H bond hydrolysis (1) 241.310 
242 Nonester solvolysis (liquid) 
Solvolysis; B-H bond solvolysis (1) 2A2. $10 
" ; B-F bond solvolysis (1) 242. 370 
; $1-0-C or Si-0-Si bonds (4) 2A2. 404 
" ; SI-H bond (4) PA2.414 
" ; ethers (2) 242.441 
0) ; acetals and ketals (1) 242.442 
" ; acid anhydrides (9) 242.443 
" ; C-Si bond solvolysis (3) 2A2. 444 
" ; C:N bond (5) 242.451 


National Bureau of Standards — National 


x 


CO-NHR! bond (acyl amide solvolysis) (13) 242.452 
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SUBJECT INDEX (continued) 


240 NONESTER SOLVOLYSIS Title of Table Table 
(continued) (number of pages) number 
242 Nonester solvolysis (1+ quid) 
Solvolysis; C:N bond solvolysis (4) PAZ. 453 
" 9 N,:C bond solvolysis (3) 242.455 
" ; N,:C bond by carboxylic acid (5) 242. 456 
f ; alkyl sulfonium salts (8) 242.461 
n ; Si-X(halogen) bond (2) 242.470 
A ; aliphatic acyl halides (2) 242.471 
R ; aromatic acyl halides (9) 242.472 
WW ; oxime acetate (2) 2A2. 504 
iy ; amine sulfonates (2) PAL. 561 
n. 3 CN halides (1) 242. 570 
250 Vth GROUP BOND SOLVOLYSIS 
252 Vth group bond solvolysis (liquid) 
Vth group bond solvolysis; P-O bond (6) 252. 560 
fn 4 fn ul ; P-F bond (2) 252. 570 


rr RS SS ES 
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National 


XII 


The first two digits indicate the corresponding Section. 
included under the section (designated by numbers beginning 


ALPHABETICAL 


digits), consult the Table of Contents. 


Addition 


Alcoholysis, see Solvolysis 


Aminolysis 
Ammonolysis 
Associated molecules 


Association 


Atom migration 
Beckmann rearrangement 
Bond saturation 


Bond - unsaturation 


Branching isomerization 
Cis-trans isomerization 


Condensation 


Coordinative exchange 


Decomposition 


Dismutation 


Dissociation 


Double bond shift 


Elimination 


Ester 


Esterification 


Bureau of Standards - National 


of functional group... 


to multiple bond... . 


Opatolaimlynwa oo oo 00 6 6 


ring - opening. .... 


‘e) pce, teneceA vex od) fe) e ey ae) h cer pve 


dissociation. . 


WOILEXCWULEIP 5 6 5 6-0 0 Oo 
jenlayfes = CILOGWNYR 6 5 0 0 


decomposition. ..... 


elimination . 


Oper meviniecucelp ety Je\) te) seit te. fen 'e 


OSWUIP 6 6 6 6 
MONGSEIP 6 6 010 0 6 


Oy fet Vee ejey ners oe nee, ene, 


bond - unsaturating... 
of functional group... 
DrAsOUlyigle 6 6 4 a 0 0 4 8 


IAAOWOBINIE 6 6 6 0 0.6 
ring - opening. 


oxidative - reductive. . 


of associated molecules . 
of molecular compounds . 


bond - unsaturating . 


on fifth - group element . 


of functional group . 
Ose IO TON 0 6 6 0 6 
PHN = CNOBMNE o og «6 6 o 


exchian|ZCirems-icimcnienrs 
SONKVOUSYSHIS Irma m anemo> 
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INDEX 


For the tables 
with these two 


0 - 660 
620 

0 0 - 640 
ER -OSO) 


ooo 0 o &00) 
0 9 - 610 
0.0 0 - 680 
. - 150 
0 160 
d ooo G20 
5 60 0 6&0) 


~..- 380 
oo - 520 
00005 6&0) 


0 - 580 

- 710 

- 900 

- - 510 

0 ooo LK) 
: - 420 
MOO) 
* - - 460 
co aaoo 400 
00 0 430 

0 0 0 0 0 220 
0 00 » 210 
- 200 
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Exchange 


Functional group 


Group migration 


ALPHABETICAL 


coordinative . 


ester . 


INDEX 


° 


on fifth - group element . 


of hydrogen . 
isotopic. . 
of position . 


° 


° 


of substituents . 


addition . 


decomposition . 


elimination . 
exchange . 


Hydrogen exchange. . 
migration. . 
substitution . 

Hydrolysis, see Solvolysis 

Isomerization Beckmann. . 


Isotope exchange 
Migration 

Molecular association 
Molecular - compound 


Nonester 


Ortho - para conversion 


Oxidation - reduction 


Oxidative addition 
Position exchange 
Pyrolysis 


Quaternary base 


branching. . 
cis - trans. 


double bond shift 


migration. . 
racemization 


° 


ring - closing 
ring - opening 


syn - anti. 


° 


atom or group . 


eo) te!) se) ely le) ve. 


dissociation . 


condensation . 


solvolysis . 


dismutation . 


° 


(continued) 


of compounds of different elements . 


of compounds of the same element. 
of organic compounds . 


° 


elimination from. 


formation . 


° 


310 


310 
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National 


XIV 


ALPHABETICAL 


Racemi zation 


Rearrangement, see Isomerization 


Reduction, see Oxidation - reduction 


Reductive 


Ring - closing 


Ring - opening 


decomposition . 


association. . 
decomposition . 
isomerization . 


addition.. . 
decomposition . 
isomerization . 


Saturation, see Bond saturation 


Shift 


Solvolysis 


Substituent exchange 
Substitution 


Syn - anti 


of double bond 


GREG 6 0 4 6 o 


. 


INDEX 


lactone (see Addition, ring 
on fifth - group element . 


nonester.. . 
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Unsaturation, see Bond unsaturation 
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